The total number of CD34+ cells is the most relevant clinical parameter when selecting human umbilical cord blood (HUCB) for transplantation. The objective of the present study was to compare the two most commonly used CD34+ cell quantification methods (ISHAGE protocol and ProCount™ -BD) and analyze the CD34+ bright cells whose 7-amino actinomycin D (7AAD) analysis suggests are apoptotic or dead cells. Twenty-six HUCB samples obtained at the Placental Blood Program of New York Blood Center were evaluated. The absolute numbers of CD34+ cells evaluated by the ISHAGE (with exclusion of 7AAD+ cells) and ProCount™ (with exclusion of CD34+ bright cells) were determined. Using the ISHAGE protocol we found 35.6 ± 19.4 CD34+ cells/µL and with the ProCount™ method we found 36.6 ± 23.2 CD34+ cells/µL. With the ProCount™ method, CD34+ bright cell counts were 9.3 ± 8.2 cells/µL. CD34+ bright and regular cells were individually analyzed by the ISHAGE protocol. Only about 1.8% of the bright CD34+ cells are alive, whereas a small part (19.0%) is undergoing apoptosis and most of them (79.2%) are dead cells. Our study showed that the two methods produced similar results and that 7AAD is important to exclude CD34 bright cells. These results will be of value to assist in the correct counting of CD34+ cells and to choose the best HUCB unit for transplantation, i.e., the unit with the greatest number of potentially viable stem cells for the reconstitution of bone marrow. This increases the likelihood of success of the transplant and, therefore, the survival of the patient. 
Introduction
The hematopoietic stem cell has great capacity for self-renewal and cellular proliferation. CD34 molecules, together with the presence of FLT3 and Thy 1 and the absence of HLA-DR, CD38 and specific line markers, are cellular labels used in the identification of primitive classes of stem cells (1) (2) (3) (4) (5) (6) (7) .
The use of human umbilical cord blood P. Pranke et al.
(HUCB) as a source of hematopoietic stem cells in transplantation has increased greatly since 1997 (8, 9) , mainly due to the advantages of this source in comparison with bone marrow: an unlimited supply since this material is discarded following birth, immediate availability of the blood, given that it is stored in cord banks, and a lower incidence of graft-versus-host disease (2, (10) (11) (12) (13) . The total number of CD34+ cells is the clinically most relevant parameter in the selection of cord blood units for transplantation. The two most widely employed methods of quantification of HUCB CD34+ cells are the International Society of Hematotherapy and Graft Engineering (ISHAGE) protocol (14) and the ProCount™ -BD method (Becton Dickinson).
An interesting fact in relation to the two approaches is that when the ProCount™ method is applied to HUCB, two populations of CD34+ cells are observed, one highly fluorescent, and one with regular fluorescence intensity. The population of very bright CD34+ cells is not observed with the ISHAGE method. This fact is particularly important given that Lögdberg et al. (15) suggest that bright CD34+ cells are cells in apoptosis and, therefore, not suitable for use in transplantation. According to Lögdberg et al., the average frequency of these bright CD34+ cells in the units of umbilical cord blood was approximately 20% (range between 0 and 75%) of the total positive CD34+ cells in the umbilical cord blood. Recently, Greco et al. (16) also reported high frequencies of very bright CD34+ cells in HUCB using the ProCount method.
The dye 7-amino actinomycin D (7AAD) identifies dead cells and weakly label cells in apoptosis (17) . Using 7AAD it is possible to visualize the bright CD34+ cells that appear with the ProCount™ method, but not with the ISHAGE protocol, and to identify whether these cells are dead or in apoptosis. In many transplant centers throughout the world, the total number of positive CD34+ cells is used as a parameter when selecting umbilical cord units suitable for transplantation.
However, no analysis is performed to identify whether these cells show regular fluorescence (i.e., they are suitable for transplantation) or are bright (probably not contributing to engraftment), which may lead to errors when selecting the umbilical cord blood unit. The number of CD34+ cells is a crucial factor regarding whether a graft "takes" or not and is, therefore, crucial for the success of the transplant. The failure to exclude bright CD34+ cells when the cord unit is selected may be one of the reasons for the failure of some transplants using human umbilical cord blood.
The aim of the present study was to perform stem cell counts in umbilical cord blood comparing the two most widely used methods in umbilical cord blood banks. Another objective was also to further analyze the CD34+ bright cells which have been suggested to be apoptotic and as such are not useful in transplantation procedures (15) . Dead and apoptotic cells have been identified with 7AAD (17) . The present study contributes to the identification of the bright CD34+ cells by the two methods used for the counting of stem cells in umbilical cord blood, comparing the ProCount™ method from Becton Dickinson and the ISHAGE protocol (14) .
Material and Methods
Twenty-six umbilical cord blood samples obtained at the Placental Blood Program of New York Blood Center (New York, NY, USA) were evaluated.
The CD34+ cell count was carried out by means of comparative assessment using a) the ISHAGE protocol and the CellQuest program from Becton Dickinson (San Jose, CA, USA), and b) the ProCount™ protocol from Becton Dickinson.
In order to quantify the CD34+ cells from umbilical cord blood using the ISHAGE protocol, 100 µL of fresh total umbilical cord blood was incubated with 10 µL of anti-CD45-FITC antibody and 10 µL of anti-CD34-PE antibody (Pharmingen/Becton Dickinson, San Jose, CA, USA) in duplicate. Other samples were incubated with anti-CD45-FITC/isotype as control. All samples in the ISHAGE protocol were incubated with 7AAD for the identification of dead cells or those in apoptosis. Absolute cell counts were possible by the addition of Flow-Count beads (Beckman Coulter, Fullerton, CA, USA) to the tubes. 7AAD was used at a concentration of 1 µg/mL in each tube with 100 µL of fresh total umbilical cord blood and 100 µL beads. For the CD34+ cell count using the ProCount™ protocol, 50 µL of fresh total umbilical cord blood was incubated with control antibodies and anti-CD34 antibody from the ProCount™ kit from Becton Dickinson using 20 µL of antihuman CD34/PE monoclonal antibodies and anti-human CD45/FITC.
The acquisition and analysis of the data were performed using a flow cytometer (FACSCalibur; Becton Dickinson) equipped with a 488-nm argon-ion laser, using CellQuest and ProCount™ software packages. The analyses were performed during the study of the expression of the marker molecules with the monoclonal antibodies.
CD34+ cells were enumerated and analyzed twice by both methods. The bright CD34+ cells were excluded in the first analysis and included in the second. This made it possible to perform a qualitative and quantitative assessment of the population of the bright CD34+ cells within the total population of CD34+ cells, and to determine whether these cells were labeled with 7AAD.
The statistical analysis was carried out using the SPSS program, version 8.0, with the level of significance set at P < 0.05.
Results
Twenty-six cord blood samples were analyzed in this study. The cord blood volume ranged from 9.8 to 59.1 mL, with an average of 40.7 ± 14.8 mL.
The CD34+ cell count by the ISHAGE protocol was done in duplicate. There were no significant differences, since the Wilcoxon test showed P = 0.476 in relation to the number of CD34+ cells/µL and P = 0.788 in relation to the relative number of CD34+ cells among the CD45+ cells.
The absolute numbers of CD34+ cells and relative number among CD45+ cells evaluated by the ISHAGE (with exclusion of 7AAD+ cells) and ProCount™ (with exclusion of CD34+ bright cells) protocols were not statistically different according to the Wilcoxon test (P = 0.747 and 0.732, respectively). The results are summarized in Table 1 and Figure 1 .
According to the ProCount™ protocol, CD34+ bright cell counts were 9.3 ± 8. 
Discussion
The total quantity of nucleated cells (TNC) in a cord blood unit is a determining factor in the "taking" of the graft, the survival of the patient and the success of the transplant. Only those units of cord blood in which the level of TNC is greater than or equal to 3.7 x 10 7 cells per kg of patient weight are recommended for transplant (18) . According to Campagnoli et al. (19) , the absolute number of CD45+ cells, which is a pan-leukocyte marker, in the cord blood is around 11.9 ± 1.3 x 10 6 /mL. As there is a correlation between the TNC and the number of CD34+ cells (20) , umbilical cord blood banks throughout the world are increasingly counting only CD34+ cells, and using these numbers as a criterion for the selection of the umbilical cord unit to be used in transplants (21) .
However, there is still a great deal of debate in the literature about the concentration of CD34+ cells in the human placenta and umbilical cord blood. Values of 0.4 ± 0.03% of CD34+ cells have been reported among total CD45+ cells (19) , 0.36 ± 0.33% (22) or 1.3% (23) among mononuclear cells, and values between 0.01 and 1.71% among cord blood cells (24) .
A great variation in the number of these cells in the cord blood has been reported in the literature (20, 22, (24) (25) (26) (27) (28) . Hao et al. (22) observed a variation of 0.02 to 1.43% in the number of CD34+ cells in the total mononuclear cell population. There are a number of factors that may explain this high variation range, such as the observation that the number of CD34+ cells in the cord blood is heterogeneous by nature (20) or that the percentage of CD34+ cells in relation to the CD45+ cells or mononuclear cells in the cord blood is inversely proportional to the gestational age (1, 2, 20, 23, (29) (30) (31) .
The frequency of these cells is significantly higher in infants born prematurely than in infants born at full term (2, 23, (29) (30) (31) (32) , diminishing rapidly in the peripheral blood of the newborn following birth (33) . There also appears to be a strong and significant inverse correlation in the fetal liver between CD34+ cells (together with the total leukocytes) and gestational age (34) .
Nevertheless, although gestational age is an important factor, the variation in the number of CD34+ cells in the placental and umbilical cord blood appears to be the result of natural heterogeneity (20) , as a large rate of variation in the number of CD34+ cells was found in the cord blood of full-term newborn infants. Li et al. (33) found variations of around 10-fold in a study of cord Many studies in the literature show that 7AAD is important for the quantification of CD34+ cells in the ISHAGE protocol. Keeney et al. (36) showed that the use of 7AAD decreased the presence of CD34+ cells per microliter of blood by 50%, suggesting that these were non-viable cells. This is particularly important after thawing of samples from umbilical cord blood banks or culture of umbilical cord blood samples (17, 26, 37, 38) . Thus, it has been suggested that 7AAD should be routinely used for quantification of CD34+ cells in the ISHAGE protocol (36) .
The results presented here will be useful to assist in the accurate counting of CD34+ cells as well as in choosing the best cord blood unit for transplantation, i.e., the unit with the greatest number of potentially viable stem cells for the reconstitution of bone marrow. This increases the likelihood of success of the transplant and, therefore, the survival of the patient.
